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Introduction to Nucleus 


e The nucleus is the largest organelle of the cell. It occupies about 10% of the total 
volume of the cell. In mammalian cells the average diameter of the nucleus is 
approximately 6 micrometers. 


e The viscous liquid within it is called nucleoplasm (karyolymph), and is similar in 
composition to the cytosol found outside the nucleus. 


Ultra-structure, organization and Function of the Nucleus 


e Generally there is a single nucleus per cell (Mononucleate conditions), but more 
than one nucleus (Polynucleate condition) may be found in certain special 
cases. There are many nuclei in a syncytium which is formed due to fusion of 
cells. A similar multinucleate situation is found in coenocytes commonly found in 
plants. A coenocyte results by repeated nuclear divisions without cytokinesis. 


e There are also variations with respect to shape and size of nucleus. It may be 
spherical oval to flattened lobe or irregular in shape. Shape of nucleus also 
depends on the cell. The spheroid, cuboid or polyhedral cells, nucleus is usually 
spheroid. In cylindrical, prismatic or fusiform cells, nucleus is ellipsoid. 


e The ultra-structure of the nucleus refers to the internal organization and structure 
of the nucleus of a cell. 


Ultra-structure of Nucleus 


e It includes the nucleolus, chromatin, nuclear pore and nuclear envelope. 
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Fig.2.2 The schematic representation of nucleus 


Nuclear Envelope 
e The nuclear envelope is also known as the nuclear membrane. 


e The nuclear envelope is a double membrane that surrounds the nucleus and 
separates it from the cytoplasm. 


e It is composed of an inner and outer membrane, with a space called the 
perinuclear space in between. 
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e The outer membrane of the nuclear envelope is not continuous with the plasma 
membrane, but rather continuous with the endoplasmic reticulum (ER). 


e The nuclear envelope encloses the nucleus and separates the genetic material 
of the cell from the cytoplasm of the cell. 


Nuclear Pore 
e The nuclear envelope is perforated with numerous pores called nuclear pores. 


e The nuclear envelope has nuclear pores that allow molecules to move in and out 
of the nucleus. 


e The nuclear pores are composed of many proteins known as nucleoproteins. 


e The nuclear pores are selectively permeable and allow only certain molecules to 
pass through, this function is carried out by a protein complex called Nuclear 
Pore Complex (NPC). 


e The NPC also plays a role in maintaining the integrity of the nucleus and 
regulating the movement of molecules between the nucleus and cytoplasm. 


e The pores allow the passage of molecules of only about 9nm wide. The larger 
molecules are transferred through active transport. 


e Molecules like of DNA and RNA are allowed into the nucleus. But energy 
molecules (ATP), water and ions are permitted freely. 


Nucleolus 
e The nucleolus is a non-membranous structure. 
e It is a densely stained structure found in the nucleus. 
e The nucleoli are formed around the nuclear organizer regions. 


e The number of nucleoli is different from species to species but within a species 
the number is fixed. 


e During cell division, the nucleolus disappears 


e It is responsible for the production of ribosomes, which are essential for protein 
synthesis. 


e The nucleolus has two main regions: the fibrillar center and the dense fibrillar 
component. 
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e The fibrillar center is where the ribosomal DNA is transcribed into RNA, while the 
dense fibrillar component is where the ribosomal RNAs are assembled with 
proteins to form the subunits of ribosomes. 


e Studies suggest that nucleolus may be involved in cellular aging and 
senescence 


Regions within Nucleolus 
e Inthe nucleolus seems to proceed from center to periphery 3 distinct region are: 


o 1) Fibriller Center (FC): Where r-RNA genes of nucleolus organizer region 
(NOR) are located, the transcription of r-RNA genes also takes place in this 
region. 


o ii) Dense Fibriller Component (DFC): Which surround the fibriller genes 


and where RNA synthesis progress. The 80S ribosomal proteins also bind to 
the transcripts in this region. 


o iii) Cortical Granular Component(CGC): It is the inner-most region and 


where processing and maturation of pre ribosomal particles occurs. 


Therefore, these region roles in —ribosome formation. 


Chromosomes (Chromatin structure) 


e Inside the nucleus, genetic material is organized into structures called 
chromosomes. 


e These chromosomes are composed of DNA, which is tightly coiled and 
packaged with proteins called histones to form a structure called chromatin. 


Q Chromatin = DNA + Histone + DNA binding proteins 


e During cell division, the chromatin condenses to form visible chromosomes that 
can be easily separated. 


e Chromatin exists in two different forms: euchromatin and heterochromatin. 


e Euchromatin is the loosely packed form of chromatin that is accessible for 
transcription, while heterochromatin is the tightly packed form that is not 
accessible for transcription. 
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e The genes within the chromosomes consists of the cells nuclear genome 


e Human cells has nearly 6 feet of DNA, which is divided into 46 individual 
molecules. 


Other structures of nucleus 
e The nucleus also contains a number of other structures, including: 


o the nuclear lamina, a network of intermediate filaments that provides 
mechanical support for the nucleus 


o and the nuclear matrix, a network of protein fibers that provides structural 
support for chromatin and regulates gene expression. 


Final words 


e Overall, the ultra-structure of the nucleus is a complex and dynamic system that 
plays a crucial role in the life of the cell by controlling gene expression, protein 
synthesis, and maintaining the integrity of the genetic material. 


e Gene expression is done through a variety of mechanisms, including the 
modulation of chromatin structure, the recruitment of regulatory proteins to 
specific regions of DNA, and the regulation of the transcription of DNA into RNA. 


Difference between ultrastructure and 
organization of nucleus 


e The ultrastructure of the nucleus refers to the fine details of its physical structure, 
as observed through high-resolution microscopy techniques such as electron 
microscopy. This includes the details of the nuclear envelope, the arrangement 
of chromatin, and the organization of the nucleolus and other sub-nuclear 
structures. 


e The organization of the nucleus, on the other hand, refers to the function and 
functional relationships between the different components of the nucleus and 
how they work together to carry out the nucleus's functions. This includes the 
role of the nuclear envelope in separating the genetic material from the 
cytoplasm, the role of chromatin in the storage and expression of genetic 
information, and the role of the nucleolus in the production of ribosomes. 
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e In summary, ultrastructure refers to the fine physical details of the nucleus, while 
organization refers to the functional and functional relationships between the 
different components of the nucleus and how they work together to carry out the 
nucleus's functions. 


Function of the Nucleus in detail 


The nucleus is a highly specialized organelle found in eukaryotic cells that is 
responsible for several important functions. Here is a detailed explanation of the 
functions of the nucleus: 


1. Storage of genetic material: The most well-known function of the nucleus is the 
storage of genetic material in the form of DNA (deoxyribonucleic acid). DNA is 
organized into structures called chromosomes, and each cell contains a specific 
number of chromosomes depending on the species. The DNA in the nucleus 
carries the genetic information that determines the characteristics and traits of 
an organism.Also Storage of proteins and RNA (ribonucleic acid) in the 
nucleolus. 


2. Regulation of gene expression: The nucleus plays a crucial role in the regulation 
of gene expression. The DNA in the nucleus contains the information needed to 
produce proteins, but not all genes are active at all times. The process of gene 
expression is regulated by various mechanisms that occur in the nucleus, such 
as DNA methylation, histone modification, and the binding of transcription 
factors. 


3. Replication and repair of DNA: The DNA in the nucleus undergoes replication 
prior to cell division, ensuring that each daughter cell receives a complete set of 
chromosomes. Additionally, the nucleus contains enzymes and repair 
mechanisms that are responsible for detecting and correcting errors in the DNA, 
such as mutations caused by radiation, chemicals, or other environmental 
factors. 


4. Assembly of ribosomes: Ribosomes are complex molecular machines that are 
responsible for the synthesis of proteins. The assembly of ribosomes occurs in 
the nucleus, where specialized regions called nucleoli contain the genetic 
material and enzymes required for ribosome biogenesis. 


5. Transport of molecules: The nucleus is surrounded by a double-membrane 
structure called the nuclear envelope, which is perforated by nuclear pores. 
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These pores allow for the selective transport of molecules in and out of the 
nucleus, such as RNA molecules and transcription factors. 


Cell cycle regulation: The nucleus plays a key role in the regulation of the cell 
cycle, which includes phases of growth, DNA replication, and cell division. 
During cell division, the nucleus undergoes a series of complex processes, such 
as the condensation of chromosomes and the formation of the mitotic spindle, 
which ensure the faithful distribution of genetic material to the daughter cells. 


Overall, the nucleus is a vital organelle that is involved in many critical cellular 
functions, including the storage and expression of genetic information, the regulation 
of cell division, and the assembly of ribosomes. 


Function of the Nucleus in Short 


1. 


Storage of hereditary material, the genes in the form of long and thin DNA 
(deoxyribonucleic 
acid) strands, referred to as chromatins. 


Storage of proteins and RNA (ribonucleic acid) in the nucleolus. 
It is responsible for protein synthesis, cell division, growth and differentiation. 


Nucleus is a site for transcription in which messenger RNA (mRNA) are 
produced for the 
protein synthesis. 


It controls the heredity characteristics of an organism. Exchange of hereditary 
molecules 
(DNA and RNA) between the nucleus and rest of the cell. 


During the cell division, chromatins are arranged into chromosomes in the 
nucleus. 


Production of ribosomes (protein factories) in the nucleolus. 


Selective transportation of regulatory factors and energy molecules through 
nuclear pores. 


It also regulates the integrity of genes and gene expression. 


Nucleus from NCERT 
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© Note: These are the points from NCERT. Helpful for NEET aspirants. © 


e Inside each cell is a dense membrane bound structure called nucleus. 
e Robert Brown discovered the nucleus in 1831. 

e Dimension of a typical nucleus is approximately 10-6m. 

e DNA of atypical mammalian cell is approx 2.2 m. 

e Length of E.coli DNA is 1.36 mm. 


e Later the material of the nucleus stained by the basic dyes was given the name 
chromatin by Flemming. 


e Nucleus contains nucleoli and chromatin network. 


e In atypical nucleus, some region of chromatin are loosely packed (and stains 
light) and are referred to as euchromatin. The chromatin that is more densely 
packed and stains dark are called as Heterochromatin. Euchromatin is said to 
be transcriptionally active chromatin, whereas heterochromatin is inactive. 


e Nucleosomes constitute the repeating unit of a structure in nucleus called 
chromatin, threadlike stained (coloured) bodies seen in nucleus. The 
nucleosomes in chromatin are seen as ‘beads-on-string’ structure when viewed 
under electron microscope (EM). 
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Figure 6.4a Nucleosome 
e The negatively charged DNA is wrapped around the positively charged histone 


octamer to form a structure called nucleosome . A typical nucleosome contains 
200 bp of DNA helix. 
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e The interphase nucleus (nucleus of a cell when it is not dividing) has highly 
extended and elaborate nucleoprotein fibres called chromatin, nuclear matrix 
and one or more spherical bodies called nucleoli (Sing.: nucleolus) . 


e The nucleus is enclosed by nuclear envelope, a double membrane structure with 
nuclear pores. 


e Electron microscopy has revealed that the nuclear envelope, which consists of 
two parallel membranes with a space between (10 to 50 nm) called the 
perinuclear space, forms a barrier between the materials present inside the 
nucleus and that of the cytoplasm. 
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Figure 8.11 Structure of hucleus 


e The outer membrane usually remains continuous with the endoplasmic reticulum 
and also bears ribosomes on it. 
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